In this work, montmorillonite (Mt) was modified by environmentally friendly arginine (Arg) and lysine (Lys) amino acids with di-cationic groups for arsenic removal from contaminated water. The modified Mts were characterized by X-ray diffraction, Fourier transform infrared spectroscopy, zeta potential and thermal analysis. The adsorption of As(V) onto modified Mts as a function of initial As(V) concentration, contact time and solution pH was investigated. The removal efficiency was increased with increasing the As(V) concentration and contact time; however, it was decreased with increasing solution pH. The maximum As(V) adsorption capacities of Mt-Arg and Mt-Lys were 11.5 and 11 mg/g, respectively, which were five times larger than pristine Mt. The high adsorption capacity makes them promising candidates for arsenic removal from contaminated water. The regeneration studies were carried out up to 10 cycles for both modified Mts. The obtained results confirmed that the modified adsorbents could also be effectively used for As(V) removal from water for multiple adsorptiondesorption cycles.
INTRODUCTION
The presence of arsenic with elevated concentrations in the environment, especially in water, is a worldwide health concern (Chutia et al. ; Bagherifam et al. b) . Arsenic contaminated water may cause numerous skin, lung, liver diseases and lymphatic cancer (Smedley & Kinniburgh ) . In natural water resources, arsenic generally exists in two inorganic oxidation states including arsenate, As(V), and arsenite, As(III). Arsenate is the dominant species in surface water due to the high redox potential while arsenite is usually found in anaerobic groundwater conditions (Ren et al. ) . Due to the health hazards associated with arsenic contaminated water, the World Health Organization (WHO) has set a maximum contaminant level of 10 ppb for arsenic in drinking water.
Therefore, the removal of arsenic from contaminated waters intended for drinking water is of great significance As one of the widely available adsorbents, clay mineral has been extensively studied due to its low cost, large surface areas, cation exchange capacity (CEC) and other advantages This study consists of detailed characterization of modified Mts with Arg and Lys and their application to arsenic removal. Batch adsorption characteristics and the mechanisms of As(V) adsorption of adsorbents were analyzed by fitting the experimental data to Langmuir and Freundlich isotherms, as well as pseudo-first-and second-order kinetics models. In order to determine the feasibility of proposed regeneration method for the utilized adsorbent, to be used in multiple cycles of operation, regeneration experiments were also conducted to identify the applicability of the modified Mts for As(V) removal from surface water. Elmer Pyris Diamond TGA system. Samples were heated up to 800 W C under the nitrogen-flow and a heating rate of 10 W C/min.
MATERIALS AND METHODS

Materials
As(V) adsorption experiments
Adsorption isotherms
The adsorption isotherm experiments were conducted for different As(V) concentrations ranging from 5 to 20 ppm.
For all tests, 100 mL of As(V) solution containing 0.1 g adsorbent was poured into volumetric flask and stirred for 24 h at 25 W C, while pH of the solution was adjusted to 7 ± 0.5 in accordance with previously published works (Gohari et al. a, b, ) . After reaching an equilibrium condition, the solution was centrifuged at 10,000 rpm for 20 min. The residual concentration of As(V) in the solution was determined by an atomic absorption spectrometer (Varian 220-Graphite Furnace, Shimadzu AA-670). The equilibrium adsorption capacity and removal efficiency of As(V) were calculated as follows:
where C 0 (mg/L), C e (mg/L) and C t (mg/L) are concentrations at the initial, equilibrium and time t (min) in the solution, respectively, V is the total volume (L) of the arsenic solution and M is the mass (g) of dry adsorbent used in the adsorption study.
Adsorption kinetics
Adsorption kinetic analysis was carried out by addition of 0.1 g of adsorbent into the 100 ml sealed beaker containing 100 ppb of As(V) at 25 W C. The removal efficiency and residual concentration of As(V) as a function of time were studied for 24 h at room temperature for specific time intervals. In these series of experiments, the pH of the As(V) solution was adjusted to 7 ± 0.5. In order to determine the kinetic mechanism of the As(V) adsorption, the experimental data were analyzed using pseudo-first-order and pseudosecond-order kinetic models.
Effects of initial solution pH
In order to identify the effects of initial solution pH on As(V) adsorption, 0.1 g of adsorbent was added to the 100 mL solution containing 100 ppb As(V) at different pH ranging between 3 and 9. The pH of solution was adjusted by adding 0.1 M HCl or 0.1 M NaOH. Under continuous shaking for 24 h at 25 W C, the concentration of As(V) of each pH solution was determined.
Desorption and regeneration experiments
Adsorption-desorption cycles, as one of the most interesting feathers of the current work, were conducted to investigate the reusability of modified adsorbents. Each cycle consisted of loading of the adsorbent (0.1 g) into the 100 mL of aqueous solution containing 100 ppb of As(V) at 25 W C. After 24 h of adsorption test, the solution was centrifuged and the adsorbents were separated. The used adsorbents were immersed in 100 mL water and the pH of solution was adjusted according to the results of the previous section and then the adsorption test was repeated. In order to determine the optimum contact time to achieve a complete regeneration of the adsorbents, various time intervals consisting of 15, 30, 60, 90 min were selected for the regeneration period. The optimum time was fixed and the process was continued up to the 10th cycle.
Adsorbents performance in arsenic removal from surface water
Performance of modified Mts in arsenic removal from surface water was also investigated. River water was taken from Zarrineh River near the Orumieh Salt Lake, Iran, and physico-chemical characteristics are listed in (mg/L)
As ( 
FT-IR analysis
In order to clarify the interaction between amino acids and Mt,
FT-IR spectroscopy analysis was carried out. 
Adsorption of arsenic on synthetic Mts
Adsorption isotherms
The relationship between the equilibrium adsorption capacity of pristine and modified Mts versus the equilibrium concentrations of the As(V) solutions is shown in Figure   6 (a). For all samples, the adsorption capacity of As(V); denoted by q e , would increase as the initial concentration of As(V) increased. Furthermore, there are clear differences between the pristine and modified Mts. The As(V) adsorption capacity of pristine Mt was very low due to the negative charge of the surface. However, the adsorption capacity for Mt-Arg and Mt-Lys was about five times as large as pristine Mt. These results implied that the modified Mts could attract As(V) anions due to their positive surface charge. Table 2 In order to correlate the equilibrium data, two main isothermal models including Langmuir and Freundlich were utilized as shown in Equations (3) and (4), respectively:
where K L is the Langmuir adsorption constant (L/mg), C e is the As(V) concentration in solution (mg/L) and q max is maximal adsorption capacity (mg/g). Note that K L and q max can be determined from the slope and intercept of a linear plot of 1/q against 1/C e , respectively,
where K F is the Freundlich constant and n is the heterogeneity factor. The constants for the Langmuir and Freundlich isotherms were calculated by the linear regression of isotherms and the obtained results are shown in Table 3 .
From R 2 values, it can be concluded that the Langmuir adsorption isotherm is more suitable to represent the adsorption isotherm of As(V) for modified adsorbents.
This finding was also confirmed by the linear plot of 1/q e versus 1/C e shown in Figure 6 
Investigation of adsorption kinetic
In order to investigate the adsorption kinetic of As(V) on the modified Mts, the removal efficiencies and residual As(V) concentrations of modified adsorbents as a function of time were investigated and the obtained results are shown in Figure 7 .
The trend of adsorption process was sharp in the first 30 min and adsorption occurred rapidly in this time interval for both adsorbents. The obtained results revealed that about 90% of As(V) was removed, while the residual concentration of As(V) reached to 10 ppb. Thereafter, As(V) adsorption continued at a slower rate to finally reach to the maximum removal efficiency after 120 min. The rapid adsorption is attributed to In order to better understand the adsorption kinetic mechanism of the As(V), the experimental data were analyzed using pseudo-first and pseudo-second order kinetic models, shown in Equations (5) and (6), respectively:
log q e À q t ð Þ¼ log q e À k 1 t 2:303 (5)
where q e and q t are the adsorption capacity of As(V) at equilibrium and time t, k 1 and k 2 are the first and second order rate constants, respectively. The obtained results shown in Table 4 revealed that the removal of As(V) using modified
Mts could be more accurately described by the pseudosecond order kinetic model with the correlation coefficient of 0.992 and 0.994 for Mt-Arg and Mt-Lys, respectively.
These results indicated that chemical adsorption might be the rate-limiting step for both adsorbents.
Effects of initial solution pH on arsenic removal
The solution pH is the most prominent parameter in As ( 
Regeneration studies
For the regeneration of adsorbents, the important aspect is to determine the optimum time to reach maximum removal efficiency. The regeneration efficiency, R, can be calculated using Equation (7):
where q r and q e (mg/g) are the adsorption capacity of regenerated and original adsorbent, respectively.
The obtained results regarding the regeneration efficiencies of modified adsorbents in various regeneration time cycles using alkaline solution with pH ¼ 9 are shown in Figure 9 (a). The obtained results exhibited 99% and 98.5%
of regeneration for Mt-Arg and Mt-Lys after 60 min, respectively. Any further increase in the regeneration time cycle -up to 90 min -showed less impact on the degree of regeneration. Therefore, 60 min regeneration with the highest R value was selected as an optimum regeneration time cycle for both adsorbents.
Adsorption-desorption trials of modified Mts are shown in Figure 9 (b). The obtained results indicated that
As(V) removal efficiency for Mt-Arg was more than 90% after nine cycles. When adsorption-desorption cycle was increased to 10, the removal efficiencies of Mt-Arg and Mt-Lys were decreased from 98% and 96% to 89.5.5%
and 83.7%, respectively. This finding indicates that the regeneration efficiency of Mt-Arg is higher than Mt-Lys. It is mainly due to the fact that the zeta potential of Mt-Arg was more negative than Mt-Lys in alkaline pH, which results in a higher regeneration efficiency of Mt-Arg in 
Mechanism of adsorption and desorption
According to the obtained results from several analyses, the mechanism of As(V) adsorption-desorption on modified adsorbents is proposed in Figure 10 . Electrostatic interaction of As(V) anions and positive charge of amino acids in pH < pH PI give rise to a high adsorption capacity for modified adsorbents. Since the regeneration was carried out in pH ¼ 9 which is higher than isoelectric points of modified Mts, there is repulsion between negative charged chains and As(V) anions.
Application of modified adsorbents to surface water
In order to determine the applicability of adsorbents in arsenic removal from surface water, Zarrineh River sample was selected. Existence of other pollutants in real conditions affects the As(V) removal efficiency of modified Mts. These results showed that the removal of As(V) decreased from 96% to 92% for Mt-Arg and from 94% to 88% for Mt-Lys. As can be seen in Figure 11 , the As(V) removal efficiency is up 90% after five and four cycles for Mt-Arg and Mt-Lys, respectively. The results of this experiment indicated that fabricated Mts could be effective for As(V) removal from contaminated surface water.
CONCLUSIONS
Clay mineral; Mt was modified with arginine and lysine amino acids to obtain efficient, robust, regenerable and novel adsorbent for arsenic removal from water resources.
Pristine and modified Mts were structurally and operationally characterized to explore the feasibility of using these adsorbents for As(V) removal from surface water. Due to the positive surface charges of prepared adsorbents, they showed promising performance in arsenic anions removal via electrostatic interaction. The equilibrium adsorption analysis were well fitted to the Langmuir isotherm model and kinetic investigations confirmed that the pseudosecond-order adsorption kinetic was predominated for the adsorption of As(V). Regenerability of the prepared adsorbents as a very important aspect of the adsorption process from economy and environmental point of view was also investigated.
The obtained results revealed that the adsorbents activities could be regenerated after As(V) adsorption for several adsorption-desorption cycles.
